Amino acyl-tRNA synthetases catalyze the attachment of amino acids with their cognate tRNAs. The structures of these enzymes are quite diverse, but they can be divided into two classes which are distinguished by consensus amino acid sequences (6) (7) (8) . Class I synthetases have the consensus sequences HIGH and KMSKS, associated with the Rossmann fold for binding ATP (16). These enzymes aminoacylate the 2' OH of the terminal nucleotide of the tRNA. Class II synthetases have up to three sequence motifs in common, distinct from those of class I enzymes, and they aminoacylate the 3' OH of the terminal nucleotide (6). Within the class I synthetases, valyl-tRNA synthetases (VRS) have been shown to have additional sequence similarity beyond the general consensus sequences to isoleucyl-tRNA synthetases and, to a lesser extent, to the leucyl-and methionyltRNA synthetases (2, 12). Of these last two proteins, a high-resolution X-ray structure has been determined for the methionyl-tRNA synthetase (5).
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We have recently cloned the Lactobacillus casei gene encoding folylpolyglutamate synthetase (FPGS) (23 (9) , with the Klenow fragment of DNA polymerase I, and the probe was used to screen our L. casei genomic library (23) by colony blot hybridization (18) . DNA was transferred to nitrocellulose or nylon membranes and hybridized as described by Southern (22) at 650C. One positive clone was identified (pGT5; Fig. 1 ). This clone was analyzed by restriction mapping and sequencing from both ends of the insert. An EcoRI-NcoI fragment from pGT5 was used to rescreen the L. casei genomic library. Two additional clones were obtained (pD5 and pC10; Fig. 1 The full-length clone, pD5, and pUC13 (24) were transformed into E. coli DR1984 (recA uvrB) (19) by the method described by Hanahan (11) , and the plasmid-dependent If the vertical bar is not present, the sequence was determined from the end of a subclone (upper section) originating at a Sau3AI site not shown on the map. The arrow at right originating at a solid square represents sequence determined from a specific primer which was previously described (23) . Restriction enzyme abbreviations are as follows: N, NcoI; B, BamHI; S, SphI; H, HindIII; E, EcoRI; Na, Narl; Ev, EcoRV; C, ClaI.
proteins were labelled with [35S]methionine and cysteine (Translabel; ICN Pharmaceuticals) according to the method described by Sancar et al. (20) . Gel electrophoresis with 13% polyacrylamide gels was performed according to the method described by Laemmli (15) , and the protein bands were visualized by fluorography. A labeled protein band with an Mr of 100,000 was observed (Fig. 3, lanes 3 and 4) , in good agreement with the value predicted for VRSLC; in addition, bands with M, values of 43,000 (FPGS) and 30,000 (13-lactamase) were observed.
Complementation studies. Plasmid pD5 was transformed into E. coli strain 236c, which is temperature sensitive for VRS and is unable to grow at 420C (3), and into E. coli SF4 (foiC strA recA TnlO::srlC), which is deficient in folylpolyglutamate synthetase-dihydrofolate synthetase (1, 10) , to test for complementation of vatS and foiC deficiencies, respectively. Strain 236c/pD5 was able to grow at 420C, indicating that the plasmid expressed a functional VRS. Strain SF4/pD5 grew on Vogel-Bonner minimal medium (25) lacking methionine, indicating that FPGS was also expressed. The direction of transcription of both L. casei genes in this plasmid was opposite to that of the lac promoter, suggesting that both genes are transcribed from endogenous promoters. A putative promoter upstream of the FPGS gene has been previously identified by primer extension experiments, although it lacks a recognizable -35 sequence (23) . Figure 2 shows that a canonical -10 promoter sequence is found at -278 to -273 relative to (12) , and VRSSC, the product of the VASJ gene from Saccharomyces cerevisiae (13) , by using the MacVector program (IBI) and manual adjustment. Alignments were also based on a previously published comparison of VRS (12) .
Those residues of the VRSLC which are identical in all four VRS proteins are shown as shaded residues in Fig. 2 (12) . The VRS enzymes have blocks of conserved residues, which can be used to align them with homologous regions of MRSEC. The loop containing the HMGH sequence of the VRSLC, which is homologous to the HIGH consensus sequence, is preceded by residues with a high probability of forming a 13-sheet and is followed by an a-helix and another 13-sheet in the same relative positions as similar structures found in MRSEC. The a-helix and the loop contain conserved amino acid residues that can be aligned with MRSEC; however, the 3-sheets do not, although these 13-sheets are found in identical positions.
This suggests that the a and 13 structures making up the J. BACTERIOL. nucleotide binding fold of the two enzymes are conserved. The crystal structures of two other class I synthetases, the tyrosyl-and glutamyl-tRNA synthetases, have been determined and display the same structure around the HIGH sequences (4, 17) . The KMSKS-containing loop in MRSEC is flanked by 13-strands. The predicted structure at the downstream P-strand position is conserved in VRSLC, although there is no amino acid similarity. However, large blocks of well-conserved sequence in the VRS enzymes are absent from the MRSEC, such as that between residues 250 and 420 of VRSLC, suggesting that there are significant differences in the overall structures of the two proteins.
